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NATIONAL FOREWORD 

This Indian Standard (Part 2) which is identical with ISO 14855-2 : 2007 'Determination of the ultimate 
aerobic biodegradability of plastic materials under controlled composting conditions — Method by analysis 
of evolved cartxin dioxide — Part 2: Gravimetric measurement of carbon dioxide evolved in a laboratory- 
scale test' issued by the International Organization for Standardization (ISO) was adopted by the Bureau of 
Indian Standards on the recommendation of the Plastics Sectional Committee and approval of the Petroleum, 
Coal and Related Products Division Council. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

a) Wherever the words 'international Standard' appear referring to this standard, they should be read as 
'Indian Standard'. 

b) Comma (,) has tseen used as a decimal marker in the International Standard while in Indian Standard, 
the cun-ent practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian Standards 
also exist. The corresponding Indian Standards which are to be substituted in their respective places are 
listed below along with their degree of equivalence for the editions indicated. 



International Standard 



Corresponding Indian Standard 



Degree of Equivalence 



ISO 11721-1 ; 2001 Textiles — 
Determination of resistance of 
cellulose-containing textiles to 
micro-organisms — Soil burial test — 
Part 1: Assessment of rot-retardant 
finishing 



IS 1389 : 1984 Methods for testing 
cotton fabrics for resistance to attack 
by micro-organisms (first revision) 



Technically Equivalent 



IS0 14855-1 :2005 Determination of 
the ultimate aerobic biodegradability 
of plastic materials under controlled 
composting conditions — Method by 
analysis of evolved cartran dioxide — 
Part 1 : General method 



IS/ISO 14855-1 : 2005 Determination 
of the ultimate aerobic biodegradability 
of plastic materials under controlled 
composting conditions — Method by 
analysis of evolved carbon dioxide: 
Pan 1 General method 



Identical 



The technical committee responsible for the preparation of this standard has reviewed the provisions of the 
following International Standards and decided that they are acceptable for use in conjunction with this 
standard: 



International Standard 
JSO 5663 1984 



Title 

Water quality — Determination of Kjeldahl nitrogen — Method after mineralization 
with selenium 



ISO 8245: 1999 



Water quality — Guidelines for the determination of total organic cartxin (TOC) 
and dissolved organic carbon (DOC) 



In reporting the results of a test or analysis made in accordance with this standard, if the final value, 
observed or calculated, rs to be rounded oft, it shall tie done in accordance with IS 2 : 1960 'Rules for 
roun<fing off numerwaJ values (revised}'. 



IS/!SO 14855-2:2007 

Indian Standard 

DETERMINATION OF THE ULTIMATE AEROBIC 

BIODEGRADABILITY OF PLASTIC MATERIALS UNDER 

CONTROLLED COMPOSTING CONDITIONS — 

METHOD BY ANALYSIS OF EVOLVED 

CARBON DIOXIDE 

PART 2 GRAVIMETRIC MEASUREMENT OF CARBON DIOXIDE EVOLVED IN 
A LABORATORY — SCALE TEST 

WARNING — Sewage, activated sludge, soil and compost may contain potentially pathogenic 
organisms. Therefore appropriate precautions should be taken when handling them. Toxic test 
compounds and those whose properties are unknown should be handled with care. 



1 Scope 

This part of ISO 14855 specifies a method for determining the ultimate aerobic biodegradability of plastic 
materials under controlled composting conditions t)y gravimetric measurement of the amount of cartwn dioxide 
evolved. The method is designed to yield an optimum rate of biodegradation by adjusting the humidify, aeration 
and temperature of the composting vessel 

The method applies to the following materials: 

— natural and/or synthetic polymers and copolymers, and mixtures of these; 

— plastic materials that contain additives such as plasticizers or colorants: 

— water-solutHe polymers; 

— materials that, under the test conditions, do not inhibit the activity of micro-organisms present in ttw 
inoculum. 

If the test material inhibits micro-organisms in the inoculum, anottier type of mature compost or pre-exposure 
compost can be used. 

2 Normative references 

The following referenced documents are indispensat)le for the applicatioo of friis document. For dated 
references, only the edition cited applies For undated references, the latest edition of the referenced document 
(including any amendments) applies. 

ISO 5663, Water quality — Determination of Kjeldahl nitrogen — Method after minefalization with setentum 

ISO 8245, Water quality — Guidelines for the determination of total organic cartxm (TOC) and dissotved 
organic carbon (DOC) 

ISO 1 1 721 -1 , Textiles — /Determination of resistance of cellulose-containing textiles to micro-organisms ~ So>7 
burial test — Pari 1: Assessment of rot-retardant finishing 

ISO 14855-1. Determination of the ultimate aerobic biodegradability of plastic materials under axitroHed 
composting conMksns — Method try analysis of evolved carbon dioxide — Part 1: General method 
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3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 
compost 

organic soil conditioner obtained by biodegradation of a mixture principally consisting of various vegetable 
residues, occasionally with other organic material and having a limited mineral content 

3.2 
composting 

aerobic process designed to produce compost 

3.3 

total dry solids 

amount of solids obtained by taking a known volume of test material or compost and drying at about 105 °C to 
constant mass 

3.4 

volatile solids 

amount of solids obtained by subtracting the residue of a known volume of test material or compost after 
incineration at about 550 C from the total dry solids of the same sample 

NOTE The volatile-solids content is an indication of the amount of organic matter present. 

3.5 

ultimate aerobic biodegradation 

breakdown of an organic compound by mtero-organisms in the presence of oxygen into carbon dioxide, water 
and mineral salts of any other elements present (mineralization) plus new t>iomass 

3.6 

Itworetical amount of evolved cart>on dioxide 

ThCO, 

maximum theoretical amount of cartxxi dioxide evolved after completely oxidizing a chemical compound, 
cateulated from the molecular formula and expressed as milligrams of carbon dioxide evolved per milligram or 
gram of test compound 

3,7 

lag phase 

time measured in days, from the start of a test until adaptation and/or selection of the degradation micro- 
organisms is achieved and the degree of biodegradation of a chemical compound or organk: matter has 
increased to about 10 % of the maximum level of biodegradation 

3.8 

maximum level of biodegradation 

degree of b«degradation, measured as a percentage, of a chemrcal compound or organic matter In a test. 
above which no further biodegradation takes place during the test 

39 

biodegradation phase 

time measured in days, from the end of the lag phase of a lest until about 90 % of ttie maximum level of 
b">(teyadaiior has been reached 

3.10 

plateau phase 

hrne, measured m days, from the end erf the tHodegradatkxi phase until the end of tfie test 
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3.11 
pre-exposure 

pre-incubation of an inoculum in the presence of the chemica! compound or organic martei undei lest with the 
aim of enhancing the ability of the inoculum to biodegrade the test material by adaptation andor selection of the 
micro-organisms 

3.12 
pre-conditioning 

pre-incubation of an inoculum under the conditions of the subsequent test in the absence o* the chemical 
compound or organic matter under test, v»ith the aim of improving the test by acclimatization o' tl.o micro 
organisms to the test conditions 

3.13 

water-holding capacity 

WHC 

mass of water that evaporates from soil saturated with water when the soil is dried to constant mass at 105 C 
divided by the dry mass of the soil 

4 Principle 

This method is designed to yield the optimum rale of biodegradatjon of a plastic material in mature compost tjy 
controlling the humidity, aeration ratio and temperature in the composting vessel It also aims to determine the 
ultimate biodegradability of the test material by using a small-scale reactor The degradation rate is periodicalty 
measured by determining the mass of the evolved cartx)n dioxide using an absorption column filled with soda 
lime and soda talc on an electronic balance. 

The test material is mixed with an inoculum derived from mature compost and with an inert matenal sucn as sea 
sand. The sea sand plays an active part by acting as a holding txxly for humidity and micro-organisms 
Examples of suitatile lest arrangements are presented in Annexes A and B The amount of cartoon dtoxide 
evolved is measured at intervals on an electronic balance and the cartxsn dioxide content is determined using 
the following method. The derivation of the equation used to calculate the degree of biodegradation from the 
amount of carbon dioxide evolved is given in Annex C. In this method, the degree of biodegradation, expressed 
as a percentage, is calculated by comparing the amount of cartxsn di(»ide evolved with the theoretical amount 
(ThCOz). 

The test is terminated when the plateau phase of biodegradation has been attained The standard t«ne tor 
termination is 45 days, but the test could be continued for up to six months. 

5 Reagents 

Use only analytical-grade reagents. Use only deionized water. 

5.1 Soda lime, particle size between 2 mm and 4 mm. tor CO; absorption 

5.2 Anhydrous calcium chloride, particle size between 2 mm and 3 mm, tor water absorption 

5.3 Sodium hydroxide on a talc support (commonly known as soda talc), particle size between 2 mm and 
2 mm, for CO2 atjsorption. 

5.4 SUica gel (with nxxsture indicator), particle size between 2 mm ar>d 4 mm. for water at}sorption 

5^ Ssa sand, particle size between 20 mesh and 35 mesh 

5.8 R«f*rsnc« matarM: TLC (thin-layer chromatography) grade microcrystalbf^e celutose witfi a parftcic size 
of less than 20 \im, few use as the reference material in the positive control 
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6 Apparatus 

Ensure ttiat all glassware Is thoroughly cleaned and, in particular, free from organic or toxic nnatter. 

6.1 Air-supply system 

The air-supply system shall be capable of supplying each composting vessel with carbon-dioxide-free, water- 
saturated air. The air can be prepared by supplying compressed air through a carbon dioxide trap and a 
humidifier {see examples in Annexes A and B), i.e. columns filled with soda lime and water, respectively. The air 
flow rate shall be controlled with a flow controller so that it is high enough for aerobic conditions. 

6.2 Composting vessels 

Use bottles or columns that ensure a supply of water-saturated, cart)on-dioxide-free air to the contents. A 
suitable volume is 500 ml. If the loss in mass of the test material is to be determined, weigh each composting 
vessel empty t)efore starting the test. 

6.3 System for ttie determination of carbon dioxide 

This system shall be capable of determining carbon dioxide directly from the change in mass of a carbon 
dioxide trap. The cartxsn dioxide trap shall consist of columns filled with soda lime, soda talc and anhydrous 
calcium chloride. The calcium chloride should preferably be in a separate column from the soda lime and soda 
talc (see examples in Annexes A and B). An ammonia trap (dilute sulfuric acid) and a water trap (silica gel and 
calcium chtoride) are required between the composting vessel and the carbon-dioxide-absorbing column. 

6.4 Gas-tight tubes 

These tubes are used to connect the composting vessels to the air supply and the carbon dioxide measurement 
system. 

6.5 pH-meter 

The pHmeter is used for measurement of the pH of the test mixture. It shall be accurate to 0,1 pH-units or 
better. 

6.6 Analytical equipment 

This equipment is used for the determination of the dry solids (at 105 °C), volatile solids (at 550 °C) and total 
organic cartxan (TOC), for elemental analysis of the test material and. if required, for the determination of 
dissolved inorganic carbon (DIC). volatile fatty acids, oxygen in the air, water content and total nitrogen. 

6.7 Balance 

The balance is used to periodically measure the mass of the cartx)n-dioxide-al)sorbing column, in order to 
ctetermine Hie amount of cartxm dioxide evolved, and also to measure the mass of the composting vessel 
containing compost and test material. A top-loading electronic tialance with a display reacfing down to 10 mg 
and a capacity greater than 500 g is preferred. 

6J Thermostatic-control unit 

This unit is re<piired to maintain the temperature of the composting vessels at a controlled temperature during 
the test (see exanrptes given in Annexes A and B) It shall be capable of maintaining the temperature of the 
composting vessels constant to within ± 2 C. 
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6.9 Composting bioreactor 

A composting bioreactor is a box. made from polypropylene or another suitable material, having a sue that 
allows the contents to be stirred easily with a spatula The box shall be provided with a tightly fitting lid to avoid 
excessive water loss. Three holes with a diameter of about 1 cm shall tie made at equal distances along the 
centreline of the lid. These holes allow air to enter and gases to leave the txix, as well as the gradual 
evaporation of excess water. 

7 Procedure 

7.1 Preparation of the inoculum 

Well-aerated compost from a properly operating aerobic composting plant shall be used as the inoculum The 
inoculum shall be homogeneous and free from large inert objects such as glass, stones or pieces of metal 
Remove such items manually and then sieve the compost on a screen of about 3 mm mesh 

Compost can be made as follows. Wood shavings, sawdust, used mushroom beds, chaff or rice straw is used 
as the cartx)n source. Livestock excrement is added as a source of composting micro-organisms and mineral 
salt nutrients. This Is placed in a container wnth a volume of at>out 1 m^ and mixed well It is recommended that 
the compost be adjusted to a carbon/nitrogen (C/N) ratio of 1 5 and a cattwn/phosphorous (C/P) ratio of 30 
Insufficient phosphorous levels can be supplemented using calcium superphosphate Water is added to reach 
a water content equal to 65 %. The C/N, C/P and water-content values may also be adjusted to other values. 
determined by experience, depending on seasonal variations and climatic differences The compost should t>e 
removed from the container once a week to turn it and add water it necessary, before returning it to the 
container to continue the composting process. The age of the compost should preferatjty be t>etween tvici and 
four months. 

Normalty, non-exposed inoculum is preferred, especially in the case of standard tests simulating btodegradation 
behavtour in real composting facilities. Depending on the purpose of the test, however, pre-exposed cctpost 
may be used, provided that this is clearly stated in the test report (eg percent biodegradatton - X %, using 
pre-exposed compost) and provided the method of preexposure Is detailed in the test report 

Determine the total dry solids and volatile-solids content of the compost inoculum. The total dry solids shoukj be 
l>etween 35 % and 55 % of the wet solids and the volatile solids more than 30 % ot the dry solids Adjust the 
water content, if necessary, t)etore the compost is used by adding water or drying gently, eg tsy aerating the 
compost with dry air. 

Prepare a mixture of 1 part of inoculum to 5 parts of deionized water. Mix t>y shaking and measure 8ie pH 
immediately. It should be between 7,0 and 9,0. 

For further characterization of the inoculum, suitable parameters such as the content of t(«al organic cartwn 
total nitrogen or fatty acids can optionally be determined at the tjeginning and the end of the test. 

Check the activity of the inoculum during the test t;y means of a btodegradatjie rcterence matenal and tjy 
measuring carbon dioxide evolution in ttie blank vessels. The refererwe material shall be degraded by 70 % or 
more at the end ot the test. The irroculum in ttie Wank shouW produce t)etween 50 mg and 150 mg of carbon 
dk»kje per gram of volatile solids over the first 1 days of ttie test. If ttie productkm of cartxin dioxide is too high. 
stabilize the compt^t by aeratkyn tor several days t>efore using it in a new test. 

7^ Pref»ration of the sea sand 

Dip ttie sea sand in tap water. After removing fk>ating impurittes t>y decantation, rinse the sand sufficientfy, dram 
off ttie water and dry ttie sand at abo/t 105 °C. 

I^TE Sea sand Is a inert (vodtKt ttiat contains more than 90 % erf StO;. it picys an in^xxtant r<M, however, in mamamrtg 
an appropriate mmm content wid as a support lor microt>ied growth 
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7.3 Preparation of test material and reference material 

Determine the total organic carbon (TOC) of the test material and the reference material using e.g. ISO 8245 
and report it preferably as grams of TOC per gram of total dry solids. Alternatively, provided that the materials 
do not contain inorganic cartxin, it is possible to determine the carbon content by elemental analysis. For this, 
the test material has to contain sufficient organic carbon to yield carbon dioxide in an amount suitable for 
determination. Normally, a minimum of 10 g of total dry solids containing 4 g of TOC is required per vessel. 

The test material should preferably be used in powder form, but it may also be introduced as small pieces of 
films or as fragments of shaped articles. A maximum particle size of 250 ^m in diameter is recommended. 

7.4 Starting up the test 

Provide at least the following numbers of composting vessels: 

a) two test vessels for the test mixture (symbol Vt); 

b) two vessels for talank controls (symtx)! Vb); 

c) two vessels for checking inoculum activity using a reference material (symtx>l Vr). 

The amount of test mixture, containing inoculum and the test material, used in the test depends on the quality 
of the test material and the size of the composting vessels. The relation between the total dry solids of the 
inoculum and the total dry solkJs of the test material should preferably be atwut 6:1 . If added, inert material is 
not consklered in this relationship. The test mixture should have the same water content as the inoculum. The 
water content of the test mixture should be set at 80 % to 90 % of the water-holding capacity (WHC) of the test 
mixture. The same amount of inoculum by total dry solids should be placed in each test vessel. 

In a typical case, prepare lidded vessels that have a volume of about 500 ml, weigh out, for each vessel, an 
amount of inoculum containing 60 g of total dry solids and add suffeient water to reach a water content of 65 %. 
After mixing well, leave the compost to stand at room temperature for 24 h. Then mix the compost well with sea 
sand with a water content of 15 % that has previously been prepared by the addition of water to at)Out 320 g of 
sea sand and is used as inert material. Add 10 g, on a dry-mass basis, of test material to the mixture and mix 
well It shouW feel like soil when handled gently. If required, measure the WHC of the test mixture In accordance 
with ISO 1 1 72 1 - 1 . then adjust the water content of the mixture to at)Out 90 % of the WHC by adding water or by 
aerating with dry air. Introduce the mixture into the composting vessel. If vermiculite is used as the inert 
material, prepare it as specified in ISO 14855-1. 

When mature compost preserved in the refrigerator Is used as the inoculum, pre-condition the compost before 
using t. In a typical case, place, for each vessel, 60 g, on a total dry solids basis, of mature compost In a 
corrpo^ing bioreactor, and adjust the water content of the compost to about 110% of the WHC by adding 
water. After mixing, altow it to stand at room temperature for 24 h, and then incubate it at 58 °C for 24 h. Add the 
same volume of sea sand (about 320 g on a dry-mass basis) as the mature compost and mix well. Before 
addition, ttie water content of the sea sand should be adjusted to about 1 5 % (equal to the sea sand WHC 
value) It required, add 10 g of ammonium magnesium phosphate hexahydrate as a nitrogen source. Put the 
mixture in ttie composting t»oreactor and incubate for a week at 58 °C. A few times per day, stir the mixi ure for 
about 10 min in order to ensure aerobic conditions and allow excess water to evaporate. After a week, adjust the 
water content of the mixture to about 90 % of its WHC. The final mixture shouW weigh about 550 g, but a 
cSflierent final mass couW be obtained depending on the compost used (different composts will have different 
WHC values) Add 10 g, on a dry-mass basis, of test material to the mixture and mix well. Introduce the mixture 
into ^e composting vessels. 

When ISO 14855-1 bkxtegradatjility tests are performed, mature compost with a vrater content of atx>ut 50 % 
shall be used, as specified in l»3 14855-1. Use 120g of mature compost, containing about 60 g of total dry 
sofids, per composting vessel. Add 10 g, on a dry-mass twisis. of test material to the mature compost arKl mix 
we«. IntroAice the mixture into ttie composting vessel. If ttw test mixture dries out too fast, put an inert water- 
contaifwng material in ttie vessel together with the mixture. However, the water-containing material shall not be 
mixed with the test mixture. 
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The organic carbon content can be calculated Uorn the TOC o' the inoculum and the test material The total 
nitrogen content can be measured in a representative sample ol the test mixture, eg by the KjeWaht method 
described in ISO 5663. 

Place the composting vessels in the test environment at 58 C : 2 C and initiate aeration using air that is tiee 
from carbon dioxide and has a normal water content Both these conditions can be met by e g passing the ait 
through a carbon dioxide trap filled with soda lime and a humidifier filled with water (see Annexes A and B) 
Adjust the air flow rate through each composting vessel to the same rate in the range 10 ml/mm to 30 ml/mm 

Use a sufficiently high flow rate to ensure that aerobic conditions are maintained throughout each composting 
vessel during the whole test. Check the air flow regularly at the outlets, e g by using wash-tiottles or a soap 
bubble flow meter 

Handle the reference material in the same way as the test material In the vessels tor the blank controls, place 
only inoculum and sea sand, in the same amounts as in the vessels with the test material. 

7.5 Measurement of the evolved cart>on dioxide 

Fill the ammonia-absorbing bottle with l M sulfuric acid to remove any ammonia from the gases which pass out 
of the composting vessel. Fill the two dehumiditying traps with silica gel and anhydrous catoium chloride, 
respectively. Fill the cart>on-dioxide-absort)ing column and water- absorbing column with cartx>n dioxide 
absorbent and water absorbent, respectively. The cartx>n dioxide absort)enf should preferatjiy t>e a mixture of 
equal quantities of soda lime and soda talc. The water absorbent should preferably be anhydrous calaum 
chloride. Determine the mass of this trap (i.e. both columns together) to within 10 mg on the tjalance The 
amount of carbon dioxide evolved is determined from the increase in mass of the unit 

Change the reagents in the carbon-dioxide- absorbing and water-absorbing columns when ttiey have reached 
80 % of their absorption capacity. Note tfiat 80 g of a mixture of equal quantities of soda lime and soda talc has 
the ability to absorb atKjut 1 5 g of carbon dioxide. 

7.6 Incubation period 

Measure the amount of carbon dioxide evolved in the exhaust air from each composting vessel at intermediate 
time intervals by measuring the change in mass of the trap tor the evolved caft)on dioxide. Measure ttie carbon 
dioxide evolved at least once a day during the t}iodegradation phase and once every two days later on. during 
the plateau phase. 

Stir the compost weekly to prevent extensive channelling and to ensure uniform attack by the micro-organisms 
on the test material. Remove the corrpost from ttie vessel to do this. Add water if necessary. 

Ensure that the water content of the test mixture in the composting vessels is netttrer too high nor too k)w t>y 
visual observation. No free-standing water or clumps ot material shall be present. Very dry conditions arp 
typically revealed t)y the at>sence of condensate in the headspace of the composting vessef Moisture may also 
be measured using suitat>le instruments. In this case, the water content shall be kept at 80 % to 90 % ot tfie 
WHC of the test mixture. The water content can tie controlled by supplying water-saturated or dry air The 
desired water content can be obtained by adding water or ty drainage via the top of the composting vessel. 

During the weekly stirring of the composting vessels and at the end of the test period, record any visual 
observations with regard to the appearance of the compost, such as structure, water content, colour, fungal 
development, the smell of the exhaust air and the de^ee of disWegratwn of tfie test matenat 

Incubate the composting vessels for a period normaBy not exceedir>g six monttis at a constant temperature of 
58 "C ± 2 °C. If significant biodegradabon of the test material is still observaWe after six months, the ir>ajljat»CMi 
period can be extended until a constant plateau phase is reached. Attemattvety, the inaA>atk>n period can be 
shortened if the plateau phase is reached earlier. 

During the test, if necessary. re-inoculatk>n of the test vessels can be carried CHJt Ijy ad<A^ the same amount of 
compost to each. The origin of the compost and the date of re-ifKx:ulation stiali be irxficated in tfie test report 
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Measure the pH at regular Intervals, as at the start of the test. 

If the pH is less than 7,0. biodegradation could be inhibited due to acidification of the compost by the rapid 
degradation of an easily degradable test material. In this case, measurement of the volatile fatty acid spectrum 
is recommended to check for souring of the contents of the composting vessel. If more than 2 g of volatile fatty 
acids per kilogram of total dry solids has been formed, then the test shall be regarded as invalid due to 
acidificatkjn and the resultant inhibition of microbial activity. To prevent acidification, add more compost to all the 
test vessels or repeat the test using, for example, less test material, more compost or pre-exposed compost. 

7.7 Termination of the test 

When measuring the decrease in mass of the test material, the composting vessel containing the mixture 
(compost, specimen and inert material such as sea sand) can be reweighed at the end of the test. It is 
oreferatste, however, to determine the amounts of dry solids and volatile solids In each vessel after taking the 
mixture out of the vessel. 

8 Calculation 

8.1 Theoretical amount of cart)on dioxide evolved by test material 

The theoretical amount of cait>on dktxide (ThC02) evolved by the test material in a test vessel is given, in 
grams, by Equation (1): 

44 
ThCOa = rri X u'c X — (1) 



where 



is the mass of test material, in grams, introduced into the test vessel; 



u?e is the cartx>n content of the test material, determined from the chemical formula or from 

elemental analysis, expressed as a mass fraction; 

44 and 12 are the molecular and atomic masses of cartx>n dioxide and carbon, respectively. 

Cakxjiate in the same way the theoretical amount of carbon dioxide evolved by the reference material in each 
vessel. 

8.2 Percentage biodegradation 

Calcuiate »ie percentage biodegradation Dt for each test vessel Vt from the amount of cartjon dioxide evolved 
during each measurement interval using Equation (2): 

ThCOj *^' 

where 

Y^ (COj)^ is the cumulative amount of carbon dioxide, in grams, evolved in the test vessel Vt between 
tfw start of the test and time {; 

51 (COz), is the mean cumulative amount of carbon dioxide, in grams, evolved in the blank vessels Va 
between the start of the test and time ( (take the mean of the values obtained for the two 
blanks); 

T^^COj te the theoretical amount of carbon cfiodde, in yams, evoKed by the test material. 



ISASO 14855-2:2007 



9 Expression and interpretation of results 

Compile tables containing the measured and catcutated data on the test material, the reference material and the 
blanks for each day of measurement. 

Plot the cumulative amount of cartx>n dioxide evolved by each composting vessel containing test material, trfank 
or reference material as a function of time. Plot Wodegradation curves (percentage btodegradatkxi as a function 
of time) for the test material and the reference material. Use mean values if the difference b^ween the 
indivkjual values are less than 20 %. If this is not the case, plot t>iodegradatk>n curves tor eKh conrtposting 
vessel. 

If a plateau phase is observed, read from the biodegradatnn curve the level of the plateau, i.e. the iMmate 
degree of biodegradation, and report it as the final test result If no plateau phase is observed, estimate the 
ultimate degree of biodegradation from the cumulative amount of carbon doxide whk:h has evolved by the m^ 
of the test. 

10 Validity of results 

The test is consktered as vaiki if 

a) the degree of bkxtegradation of the reference material is more than 70 % after 45 days; 

b) the difference between the percentage bkxiegradatkxi of the reference material in the (Afferent vessete is 
less than 20 % at the end of the test. 

If these criteria are not fulfilled, repeat the test using pre-conditk}ned or pre-exposed compost. 

11 Test report 

The test report shall provkie all pertinent information, including the foikNving: 

a) a reference to this part of ISO 1 4855; 

b) all infbrmatran necessary to kJentify and describe the test material, such as dry- or volatile-solkte content, 
organte-carbon content, shape or visual appearance; 

c) any IntbrmatkHi necessary to klentify and describe the reference material artd its organk:-carbon content; 

d) the volume of the compostir^ vessels, the amounts of inoculum, test material and reference material placed 
in ttiem, the times at whk^h the test mixtures were stirred, and details (rf re-inoculatkxi (if carried out); 

e) informatkm on the inoculum, such as source, age, date of coSec^km, storage, handling, stabilzatkxi. total 
dry soikls, volatile solkki, pH of suspensk}n, tcMai nitrogen content or volatile tatty adds, as appropriate, and 
details of any pre-condttkxiing or pre-exposure; 

f) the results obtained tor the cattoon (Soxkle evoked, the percental Modegradatton for exrh composting 
vessel, and the averages ttieteof, ^ t^OiMt form «id graphicaly, as weH as «M iMnate degree of 
biodegradatton of the test material and the refererKe malerisrf. and ttm activtty aH the inooAim (CC^ 
production after 10 days in the ttark); 

g) the results cf visual observation of the towctAjm and the test material during, and ad the end of, tfw te^ 
such as waiter content. fun$^ deveiopmerM, smictwe, colour and sm^; 

h) the mass of each corrpostirig vessel ai tfw start «Kl the end cf tw test, aiKl d^aiis Ol any mass-toss 
measumnents, if performed; 

i) the reasoraforihe rejection of any test restriti: 

information on the source, type aid amourrt of kmrt mtfmiai, such w sea swk) or verrrricuMe. used. 
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Annex A 

(informative) 

Basic principle of the test 



A typical test set-up is shown in Figure A.1 . It is made up of four basic parts: (1 ) a composting vessel containing 
the mixture of test materia) and inoculum, located in an incutiator, (2) an air-feed control system (including a trap 
to remove the cart>on dioxide from the air. a flow-rate controller and a humidifier) to ensure accurate control (^ 
the aeration of ttie test mixture, (3) a gas-absorbing system for removing ammonia, hydrogen sulfide, volatile 
organic adds and water from the gases evolved from tfie composting vessel and (4) a trap which absorbs the 
evolved carbon doxide for gravimetric analysis. 

The composting vessel is kept at 58 °C ± 2 °C in the thermostatted incubator. The mixture in each composting 
vessel is mixed at least once a week in another vessel. An amount of water corresponding to the loss in mass 
of tfie mixture is added and, after mixing well, the mixture is retumed to the composting vessel. Carbon-dioxide- 
free, water-saturated air, obtained t)y passing the air through an at)sort>er filled v^ith soda lime and wash-lx)ttles 
filled with water, is passed through the composting vessel at a controlled rate. Ammonia, water and any volatile 
organk: ackis In the gases evolved from the composting vessel are removed with traps containing 1 M suKurk; 
ackl, silkra gel and anhydrous cak:ium chkiride, respectively. The cart)on dioxide in these gases is trapped in the 
form of sodium cartx)nate and water (formed t>y the reactk>n between the carbon dk>xkle and sodium tiydroxide) 
in a trap containkig soda Knie and soda talc as weR as anhydrous cakaum chtorkje. The remaining absorption 
capacity of the various traps can rea(fily be monitored by observing the variatton in colour of indrcators or the 
gain in mass at the absorbent. 
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5 6 7 8 



9 10 11 12 14 



(toy 

1 carbon dioxide trap 

2 soda lime 

3 flow meter with controller 

4 incubator with thermostat 

5 water 

6 humidifier 

7 mixture of compost, test material and sea sand 

8 composting vessel 

9 1 M H2SO4 containing methyl orange Indicator 

10 ammonia trap 

1 1 silica gel 

12 dehumidifying trap 1 

1 3 dehumidifying trap 2 

14 anhydrous calcium chloride 

1 5 trap for evolved cart>on dioxide 

16 mixture of soda lime and soda talc 

1 7 carbon dioxide absorption column 

18 water absorption column 

• Compressed air in. 
" Outlet. 



Rfpjra A.1 — Example of ■ tast system using an incubator 



n 
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Annex B 

(informative) 



Example of an apparatus using an electrically heated composting vessel 



The test set-up shown in Figure B.I operates in accordance with the same principles as that shown in Annex A, 
but the composting vessel is designed to allow the test to be continued for longer than the normal. The main 
advantage of electrical heating is that it does not require the same level of maintenance as, for instance, a water 
bath. The fact that the composting vessel is not inside an incubator ensures easier handling of the test mixture. 
Dehumidfying trap 2 (18 in Figure B.I) and the water absorption column (25) have the capacity to work for 
about one year. The absort)ents in dehumidifying trap 1 (17) and the carton dioxide absorption column (23), 
however, wil have to be refilled several times ^ring the normal 45-day operation. 



n 
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DimensKns m millimeires 




4 5 



14 15 16 17 20 



1 1 000 ml carton dioxide trap 

2 1 000 g of soda lime 

3 flow meter with flow rate controller 

4 300 ml of water 

5 500 ml humidifier 

6 500 ml glass composting vessel 

7 mixture of compost, test material and sea sand 

8 heat-insulating material 

9 upper end of electric heater 

10 lower end of electric heater 

1 1 glass cock (to drain water from composting vessel) 

12 support for PTFE (polytetrafluoroelhylene) filter 

13 temperature sensor 

14 300 ml of 1 M H2SO4 containing methyl orange indicator 

15 500 ml ammonia trap 

16 silica gel 

1 7 dehumiditying trap 1 (200 ml) 

1 8 dehumiditying trap 2 ( 1 20 ml) 

19 20 ml of silica gel 

20 1 00 ml of anhydrous calcium chloride 

21 trap for evolved carbon dioxide 

22 80 g of mixture of soda lime and soda talc 

23 1 20 ml carbon dioxide absorption column 

24 anhydrous calcium chloride 

25 1 20 ml water absorption column 
' Compressed air in. 

" Outlet. 

Figure B.I — Example of a test systaii uaing an electrically heated composting vessel 
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Annex C 

(informative) 

Derivation of the equation used to calculate the degree of biodegradatlon 
from the amount of carbon dioxide evolved 



The amount of evolved cartxin dioxide is determined t»y measuring the gain in mass of the trap for the evolved 
cartxx) dkndde (see Annex A). The cartx)n dioxide evolved reacts quantitatively with the sodium hydroxide and 
calcium hydroxide contained in the absorbent in the trap as described by the following chemical reactions: 

COj + 2^4aOH — NajCOj + H2O (C.I ) 

CO2 + Ca(0H)2 -* CaCOa + H2O (C.2) 

The amount of cartxxi dioxide evolved during each measurement interval is calculated as in Equation (C.3): 

52{COj); = {C02)^=' - (002)^=° (C.3) 

wtiere 

^(COz)^ is the cumulative amount of carbon dioxide, in grams, evolved in the test vessel 

Vt betvraen the start of the test and time t; 

{C02)t~'' and (C02)^=' are the masses of the carbon dioxide trap at the start of the test and at time t, 
respectively. 

Calculate X](C02)„ arvd "^{COiYg in the same way from the cumulative amount of carbon dioxide evolved in 
the reterence vessel and the blank vessel, respectively. 

Calculate the percentage biodegradatlon Dt for each test vessel Vt from the amount of carbon dioxide evolved 
durirtg each measurement interval using Equation (C.4): 

wtwre 

J3(C02)' is ttw cumulative amount of carbon dioxide, in grams, evolved in the test vessel Vt between the 
start of ttie test and time t, 

^(C02)b is tfie mean cumulative amount of carbon dioxide. In grams, evolved in the tilank vessel between 
the start of the test and time (: 

ThCO; is the theoretical amount of cartx>n dioxkle, in grams, evolved t>y the test material. 

Catoutate the percentage t)iode9adation Dt for each vessel Vr in the same way. 
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